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We, Badische Anilin- & Soda-Fabrik 
Aktiengiz sellschaft, a German Joint Stock 
Company of Ludwigshafen/Rhein, Germany, 
do hereby declare the invention, for which we 
pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 

This invention relates to a process and an 
apparatus for the continuous polymerisation 
of ethylenically unsaturated polymerisable 
compounds, the material to be polymerised 
being mixed by special means. 

It is known to polymerise monovinylaro- 
matic compounds continuously, if desired 
with the addition of not more than 25% 
of other copolymerisable olefinically unsatur- 
ated monomers, in a polymerisation tower 
having a plurality of zones of differing tem- 
perature increasing with loss of height, the 
heighest having a temperature of at least 
85° and preferably 130° C. The polymeris- 
able composition is fed to the upper end of 
the tower and stirred by several blades ar- 
ranged along the longitudinal axis of the 
tower but rotating transversely to the longitu- 
dinal axis, so that the composition being poly- 
merised is not whirled up. The hot plasti- 
cised composition containing at least 40 °i. 
by weight of polymer is withdrawn at the 
lower end of the tower. 

According to the process of the present in- 
vention ethylenically unsaturated polymeris- 
able compounds can be advantageously poly- 
merised continuously in a cylindrical reaction 
vessel when the material to be polymerised 
is agitated using a plurality of perforated 

[Prict 



plates sieve plates or sieves mounted trans- 
versely on a shaft reciprocating in the direc- 
tion of the longitudinal axis of the reaction 40 
vessel, and the ratio (v) of the average dis- 
tance between the plate on the shaft to the 
length of the stroke lies between v= 1 : 1 and 
9=1:0.1. 

Examples of ethylenioally unsaturated 45 
polymerisable compounds are vinylaromatic 
compounds, such as styrene, a-methylstyrcne 
and o-chlorostyrene; vinyl halides, such as 
vinyl fluoride, vinyl chloride, vinylidene 
chloride and vinylidene fluoride; acrylic 50 
compounds, such as acrylic and methacrylic 
acids and their methyl, ethyl, propyl, isopro- 
pyl, cyclohexyl and 2-cthylhexyl esters as well 
as acrylpnitrile, methacrylonitrile, acrylamide 
and methacrylamide; vinyl esters, such as 55 
vinyl acetate, propionate and butyrate; as 
well as diolefines, such as butadiene, 2-chloro- 
butadiene and isoprene. 

Such monomers may be polymerised for 
example individually, in the block, or in ad- 60 
mixture with each other, if desired in the 
presence of the usuaLpolymerisation catalysts, 
such as peroxides or azo-bis-nitriles, and at 
the usual polymerisation temperatures, until 
the proportion of polymer in the polymerising 65 
composition is at the most 60% by weight, 
preferably not more than 40% by weight. 
It is generally advantageous for the poly- 
merising composition in the polymerisation 
tower to exhibit a temperature gradient the 70 
temperature at the inlet opening of the tower 
being suitably up to 120° C lower than at 
the outlet opening. It is of special advantage 
to arrange in series a plurality of such 
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towers, if desired of different sizes, in which 
different} polymerisation temperatures may 
be sec tip. In some cases, for example in the 
polymerisation of vinyl halides, it is con- 

5 venient to carry out the process according 
to this invention under increased pressure. 

According to another embodiment of the 
process, the monomers of the above-men- 
tioned land may be polymerised with advan- 

10 tage in dispersion or solution, if desired with 
the addition of the usual dispersing 
agents or emulsifiers and with the 
use of the conventional polymeris- 
ation catalysts at the usual temperatures. 

15 In the case of an emulsion polymerisation, 
the monomers, water, emulsifier and catalysts 
may be introduced, for example separately, 
into the polymerisation tower and mixed and 
emulsified at the point of entry. Ready-made 

20 emulsions of. the monomers, emulsifier and 
catalysts may, however, also be supplied to 
the polymerisation tower. If polymerisation is 
to be effected in dispersion or solution, it may 
'* be 1 completed : in one or conveniently * in a 

25 plurality of successive towers. . . 

In the process, the speed of the stroke of 
the perforated plates may be varied in de- 
pendence on the viscosity of the composition 
being polymerised. In the case of block poly- 

30 merisation it is advantageously between 1 
and 120 cm, preferably between 6 and 60 
cm per minute^ in the case of emulsion pqly r 
merisation advantageously between 10 and 
1200 cm, preferably between 30 and 60O cm 

35 per minute, and in the case of solution poly- 
merisation advantageously between 1 and 120 
cm, preferably between 6 and 60 cm per 
minute. In special cases, however, very high 
stroke-speeds for example of more than 3000 

40 cm per minute, may be of advantage. 

The invention will now be described in 
greater detail with reference to the accom- 
panying drawings. 

Figure 1 shows diagrammatically an ap- 

45 paratus according to this invention for carry- 
ing out the polymerisation process. The ap- 
paratus comprises a cylindrical reaction vessel 
1 (tower), which is surrounded by a jacket 

4 through which a heating or cooling medium 
50 can be passed by means of pipes 7 and S. 

Pipes 10 and 9 respectively are provided at 
the ends of the tower for the supply of the 
composition to be polymerised and the dis- 
charge of the polymerised composition. These 

55 pipes may be as shown or may also be ar- 
ranged laterally. A reflux condenser may be 
connected to the pipe 11. The ratio 6&) °f 
the length of tower 1 to its diameter is ad- 
vantageously between a?=250 : 1 and . 7c= 

60 10:1, preferably between «;= 100 : 1 and 
7i<=20:l. Shaft 2 is mounted in bearings 

5 and 6 in the direction of the longitudinal 
axis of tower 1. Perforated plates 3 are 
mounted on shaft 2. 

65 Shaft 2 can be reciprocated vertically in 



a ratio (v) of the average distance between the 
plates on the shaft to the length of stroke be- 
tween *=1:1 and v= 1:0.1, preferably be- 
tween £=1 : 0.8 and v=l : 0.5. It may be ar- 
ranged centrally or eccentrically. 70 

The distance between the edge of the 
plates and the wall of the vessel- is advan- 
tageously 0.1 to 5 cm, preferably 0.5 to 2 
cm. The ratio (x) of the average distance be- 
tween the plates to the inner radius of the 75 
tower 1 is advantageously between x=l:l 
and x= 1:100, preferably between x=l:2 
and x=l:10. The shaft 2 and the plates 3 
may be made hollow with advantage and 
the shaft provided with an inlet and an out- 80 
let for a heating or cooling medium. In this 
case the heating or cooling medium may con- 
veniently be introduced through pipes 12 
(Figure 3) through the shaft 2 and distributed 
radially into the perforated plates through 85 
pipes 13 branched off from the pipe 12. 
The medium emerging from the ends of the 
pipei 13 flows down the annular column be- 
tween the pipe 1 12 and the shaft 2 in the 
direction of the arrows, and is drained off 90 
by conventional means at the bottom of the 
reaction vessel 1 (tower). The composition to 
be polymerised flows through vertical ducts 
17, which form the perforations in the plate 
3. Figures 3 and 4 show a vertical and hori- 95 
zontal section through the point at which 
cne of the perforated plates 3 is mounted on 
the shaft 2; and illustrate one possible ar- 
rangement of tubes 12 and 13. The plates 
are generally equal distances apart. In this 100 
case the average distance between the plates 
is equal to the distance beween the individual 
plates. When the viscosity of the composition 
to be polymerised increases considerably in 
the reaction vesel, it may be of advantage for 105 
the distance between the plates to increase in 
the direction of movement of the composi- 
tion being polymerised. In this case the aver- 
age distance between the plates is the arith- 
metical mean of the various distances be- 110 
tween the plates. The number and diameter 
of the holes in the perforated plates 3 de- 
pends primarily on the viscosity of the com- 
position to be polymerised in the apparatus. 
In the case of a very viscous composition 115 
the holes must be made larger, or there must 
be more per plate, and conversely if the vis- 
cosity is small. Obviously, in each case the 
number and. diameter of the holes must be 
adjusted according to the viscosity of the 120 
composition being handled. The holes may 
be arranged in the plate 3 for example radi- 
ally in circles (cf. Figure 2a) or staggered 
(cf. Figure 2b). 

It is especially advantageous to subdivide 125 
the cylindrical reaction vessel into a plur- 
ality of chambers by rigidly mounted per- 
forated plates 14 arranged transversely to the 
longitudinal axis, or by stilling chambers 
each formed by two perforated plates 14 130 
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rigidly arranged transversely to the longitu- 
dinal axis (see Figure 6) and which may be 
charged with packing 15 (see Figure 7). This 
subdivision may alternatively be effected for 
5 example so that between each two perforated 
plates 3 a perforated plate is rigidly arranged 
transversely to the longitudinal axis as shown 
in Figure 5. The rigidly arranged plates may 
with advantage be made hollow and heated 
10 or cooled by passing a heat-exchange medium 
through them. The ducting of this medium 
through the plates may be effected in any con- 
venient manner, for example by feeding the 
hollow plates with medium supplied via the 
15 hollow wall of the reaction vessel (schematic- 
ally illustrated by the arrows 18 in Figure 
5), or via inlet and outlet pipes 16. 

It is obvious that the perforations need 
not be circular and' their shape is not im- 
20 portant for the present process. Instead of 
perforated plates, there may also be used, 
for example, sieve plates or sieves with equal 
or differing mesh widths. 

The' dimensions of the apparatus according 
25 to . this invention and also , the number ,cf 
perforated plates on the shaft 2 depend on 
the desired throughput. Conventional materi- 
als for the construction of chemical appara- 
tus are suitable as materials for the appara- 
30 tus according to this invention. 

It is advantage of the process that the 
polymerisation temperature can be very v/cll 
controlled because the ratio of . reaction 
volume to heat-exchange is very favourable. 
35 A further advantage is that the actual resi- 
dence period of the monomers is not greatly 
different from the average residence period. 
In the case of solution or block polymerisa- 
tion, the molecular weight distribution of 
40 the polymers can be adjusted within wide 
limits by varying the dimensions of the 
apparatus. In emulsion polymerisation, dis- 
persions can be prepared with the desired 
particle size distribution within wide limits. 
45 The properties of the polymers obtained can 
therefore be influenced to a large extent. 

The invention is illustrated by, but not 
limited to, the following Examples, in which 
parts are parts by weight. 

50 Example 1 

The apparatus used is one similar to that 
shown in Figure 1, and has a volume of 
800 ml. 275 gms. per hour of a emulsion 
of 1000 parts of styrene, 2100 parts of 

55 water, 20 parts of a sodium salt of paraffin 
sulphonic acids with 12 to 18 carbon atoms 
and 3 parts of potassium persulphate is sup- 
plied continuously through pipe 10. The tem- 
perature of the polymerising composition is 

60 kept at 60° C by a heating medium flowing 
through heating jacket 4. The frequency of 
stroke of shaft 2 ..with perforated plates 
6 is 60 strokes per minute. 275 gms. of a 
polystyrene dispersion containing 29.7% by 



weight of polystyrene of the K- value 115 65 
is continuously withdrawn per hour through 
pipe 9. The polystyrene particles have a par- 
ticle size of 0.1 to 0.2 micron. Conversion 
amounts to 92%. If the apparatus were 1000 
times larger, as it would be on a technical 75 
scale, the throughput would obviously be in 
Kg. 

The ratio (w) of the length of the reaction 
vessel used to its diameter is 11^=20:1, the 
ratio (x) of the distance between the plates 80 
to the inner radius of the reaction vessel is 
x= 1:1.2 and the ratio (v) of the mean dis- 
tance of the plates 3 from each other to 
the length of the stroke of die plates is 
*:=2.5:1. The distance between the edge of 70 
the plates and the wall of the reaction vessel 
is 0.1 cm. 

Example 2 
400 grns per hour of an emulsion of 980 
parts cf butyl acrylate, 20 parts of acrylic 75 
acid, 1600 parts of water, 20 parts of a com- 
mercial aryl sulphonate and 5 parts of potas- 
sium persulphate is continuously polymerised 
at 75° C in the apparatus described in Ex- 
ample 1. The conversion is 92%. 80 

A dispersion 4 is obtained which contains 
35.5% by weight of a copolymer of butyl 
acrylate and acrylic acid of the K- value 80 
to 85. The dispersion has a surface tension 
of 36.00 dynes per cm. 85 

Example 3 
200 gms per hour of a mixture of 500 
grams of styrene, 500 grams cf toluene and 
5 grams of azo-di-isobutyro-dinitrile is con- 
tinuously polymerised at a temperature of 90 
80° C in the apparatus described in Example 
1 having a volume of 800 ml. The stroke fre- 
quency is 20 strokes per minute. 

An about 30% solution of polystyrene with 
the k- value 21 in toluene is obtained in which 95 
some monomeric styrene is present. The 
space time yield is 95 grams of polystyrene 
per litre of reaction space per hour. 

Example 4 

400 gms per hour of styrene is continu- 100 
ously polymerised in an apparatus as in Ex- 
ample 1 with a volume of 800 ml at a 
temperature of 130° C up to a conversion of 
35%. 

The K-value of the product obtained is 105 
62. The stroke frequency is 26 strokes per 
minute. 

Polymerisation is then completed in con- 
ventional way, for example in a tower without 
insertions. 110 

Example 5 
320 gms. per hour of an emulsion of 980 
parts of butyl acrylate, 20 parts of acrylic 
acid, 100 parts of water, 50 parts of a sul- 
phonated condensation product of 1 mole 115 
of fatty alcohol (Q c — Q 6 ) with 25 moles cf 
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ethylene oxide and 5 parts of potassium per- 
sulphate is polymerised continuously at 80° 
C in an apparatus as in Example 1. 

A dispersion is obtained which contains 
49.5% of a copolymer of butyl acrylate'and 
acrylic acid and having the K-value 75 to 80. 
The surface tension is 40.9 dynes per cm. 

WHAT WE CLAIM IS: — 

1. A process for the continuous polymeris- 
ation of ethylenically unsaturated polymeris- 
ablc compounds in a cylindrical reaction ves- 
sel^ wherein the material being polymerised is 
agitated by means of a plurality of per- 
forated plates sieve plates or sieves, mounted 
transversely on a shaft reciprocated in the 
direction of the longitudinal axis of the re- 
action vessel, the ratio (v) of the average 
distance between the plates on the shaft to 
the length of the stroke of the same lies be- 
tween s>= 1 : 1 and v= 1 : 0.1. 

2. The process for the continuous poly- 
merisation of ethylenically unsaturated poly- 
merisable 'compounds substantially as des- 
cribed in any of the foregoing Examples. 

3. Apparatus for carrying out the process 
claimed in claim' 1 comprising a cylindrical 
reaction vessel, a shaft mounted in the direc- 
tion of the longitudinal axis thereof, and a 
plurality of perforated plates sieve plates, or 
sieves mounted on said shaft transversely to 
said axis, said shaft and plates being capable 
of reciprocatory movement longitudinally 
to said vcsseLand the ratio (c?) of the. mean 
spacing of the. "plates on the shaft to the 
length of stroke of said reciprocatory move- 
ment being between w=l:l and w= 1:0.1, 
and the ratio (x) of the mean distance be- 
tween the plates to the inner radius of the 



reaction vessel lying between x=l:l and 
x=l:100. 

4. Apparatus as claimed in claim 3, where- 
in the shaft and the perforated plates are 
hollow and are provided with pipes through 
which a heating or cooling medium can be 
passed. 

5. Apparatus as claimed in claim 3 or 4 
wherein other perforated plates are rigidly 
mounted in the cylindrical walls of the re- 
action vessel transversely to the shaft in the 
reaction vessel. 

6. Apparatus as claimed in claim 5 where- 
in cne of said rigidly mounted plates is ar- 
ranged oh each side of a perforated plate 
mounted on the shaft. 

7. Apparatus as claimed in claim 5 or 6 
wherein two of . said rigidly mounted plates 
are arranged adjacent to each other. 

S. Apparatus as ciaimzd in claim 7 where- 
in the space between ' said adjacent rigidly 
mounted plates' is charged with packing." 

9. Apparatus as. claimed in any of claims 
.5 to 8 wherein the rigidly mounted plates are 
hollow and means are provided for supplying 
a heating or cooling medium to the interior 
of the same. 

10. Apparatus as claimed in claim 3 sub- 
stantially as herein described with referen:e 
to Figures 1 and 2, Figures 3 and 4, Figure 
5, Figure 6 or Figure 7 of the accompany- 
ing drawings. . ' . 

jV Y. & G: W. JOHNSON, 
Furnival House, 14 — 18, High Holborn, 
London, W.C.I. 
Chartered Patent Agents, 
Agents for Applicants. 
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